• 



J 



® 



® 



Europdisches Patentamk 
European Patent Office 
Office europden des brevets 



■liieiiiiiiiii 

® Publication number 0 606 842 A1 



EUROPEAN PATENT APPLICATION 



® Application number: 9410007a9 


® Int. CI.': C08F 214/26 


@ Date of filing: 05.01 .94 




® Priority: 14.01.93 US 4620 


0 Applicant: E.I. DU PONT DE NEMOURS AND 


@ Date of publication of application: 


COMPANY 


1007 Market Street 


2a07.g4 Bulletin 94/29 


Wilmington Delaware 19898(US) 


® Designated Contracting States: 


® Inventor: Grot, Wallher Guslav 


DEIT 


4 Byron Court 




Chadds Ford, PA 19317(IJS) 




0 Representative: Abltz, Walter^ Dr.-lng. et ai 




Patentanwsllte Abitz & Partner 




Postfach 86 01 09 




0-81628 MUnchen (DE) 



0 Polymerization of fluorlnated copolymers. 

0 The Invention is a process for the nonaqueous polymerization of tetrafluoroethylene with functional fluorlnat- 
ed comonomers. The process uses low TFE to comonomer ratios to fonm copolymers with high molecular 
weight and low melt flow. The copolymers are useful as membranes in electrolytic cells or fuel ceils. 
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FIELD OF THE INVENTION 

The present invention relates to a process for producing a fluorinated copolynrter having ion exchange 
groups and the copolymer made therefrom. More particularly, this invention is concerned with the 

5 nonaqueous bulk or solution copolymerization of tetrafluoroethylene ("TFE") with various functional per- 
fluorinated comonomers CF2 =CFOCF2CF(CF3)OCF2CF2S02F (referred to herein as "(A)") and/or 
CF2 =CFOCF2CF2S02F (referred to herein as "(B)") to fonn polymers with high molecular weight, low TFE 
to comonomer ratios and low melt flow. Such polymers are useful as films or membranes In electrolytic 
ceils such as chloralkal} ceils and fuel cells. The films or membranes exhibit low electrical resistance and 

10 good physical properties. 

BACKGROUND OF THE INVENTION 

It Is icnown to produce ion exchange membranes for use in electrolytic cells or fuel cells. The ton 

75 exchange membranes partition the cathode compartment from the anode compartment and do not 
substantially pass the electrolyte and selectively pass Ions. 

Ion exchange membranes are conventionally fabricated from fluorinated polymers with carboxylic acid 
groups or sulfonic add groups as the ion exchange group. The present invention deals only with the 
production of fluorinated polymers having sulfonic acid groups. 

20 The fluoropolymer containing sulfonic acid groups has excellent heat resistance and chemical resis- 
tance (alkali resistance, add resistance, chlorine resistance, etc.). For example, the fluoropolymer is 
substantially inactive to the electrolysis and the etectrolyzed products in an alkali electrolysis and further 
has substantially impermeability to liquid and gas. which makes possible the long stable operation. 

Membranes made from sutfonic-add type fluorinated copolymers should have physical integrity and 

2S strength commensurate with the physical demands of the device In which they will be used. In elec- 
trochemical devices, such as electrolytic cells, physical demands on the membrane vary, depending upon 
the type of cell and the configuration of the cell. For example, in soma cells, electrodes (anodes and 
cathodes) are spaced substantially apart from each other and have the membrane placed between the two 
electrodes. In such cell configurations, the membrane functions, more or less, as a free-standing film. Such 

30 free-standing membrane films are commonly reinforced to Increase their strength. Reinforcement materials 
which are commonly used include a variety of materials in the form of woven scrims and randomly- 
dispersed fibers. However, even when supported, the membrane must still have certain minimum levels of 
physical integrity. Otherwise, it breaks apart and k)oses Its utility. 

Physical integrity of ionic fluoropotymers is determined, to a large degree, by the amount of water or 

35 solvent the fluoropolymers contain. Thus, a sulfonic fluoropolymer that swells excessively because it 
absorbs substantial amounts of water or solvent tends to become gel-like and loses much of its physical 
Integrity, relative to an unswollen sulfonic fluoropolymer. The level of swelling (the level of water absorption) 
for a particular ionic fluoropolymer is also determined by the temperature and the environment. The 
physical integrity of the membrane may be predicted by measuring its melt flow; i.e.. membranes with low 

40 melt flow have greater physical Integrity. 

Another matter of concern in defining usefulness of sulfonic fluoropolymers as membranes is the 
chemical requirements In a given appilcatton. For example, a membrane formed from a sulfonic 
fluoropolymer in a chtoralkali cell has two critical criteria that it should preferably satisfy: electrical 
conductivity and the ability to reject anions. The sulfonic fluoropolymer chosen for use in such conditions is 

45 usually based on a trade-off between the electrical conductivity of the polymer, which is effected by both 
equivalent weight and water absorption, and the polymer's ability to reject hydroxide ions, which is largely 
determined by the level of hydration, I.e.. the degree of hydration per functional group in the sulfonic 
fluoropolymer. Under these circurT>$tances, where it is desired to minimize the membrane's passage of 
hydroxide ions, one chooses a sulfonic fluoropolymer having a higher equivalent weight than a membrane 

50 designed to maximize electrical conductivity. Thus, the melt flow of the fluoropolymer may not be the only 
deciding factor in choosing the fluoropolymer for this particular use. 

In general, when the ion exchange capadty is Increased, the molecular weight of the fluorinated 
polymer has been lowered which compromises the physical strength of a film or membrane. Therefore, it 
would be very advantageous to have fluoropolymers which have high ionic conductivity while yet maintain- 

55 ing physical integrity. 

Sulfonic fluoropolymers having equivalent weights less than about 800 are generally useful as films in a 
variety of electrochemical applications. Below an equivalent weight of about 800. water absorption of the 
membrane increases and physical integrity of the membrane decreases. Sulfonic fluoropolymers having 
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equivalent weights less than about 750, but usually not less than about 500, are generally useful in 
applications where ionic conductivity is the prime concern and physical requirements are minimal. 

Sulfonic acid copolymers having the desired characteristics may be prepared by polymerization of TFE 
with various perfiuoroolefins containing sulfonic functional groups. Copolymerization of TFE with various 
5 perfiuoroolefins containing sulfonic functional groups to fonfn polymers which are useful as films or 
membranes In electrolytic cells is well known in the art Prior art polymerization methods include solution, 
aqueous, dispersion, bulk, thenmal, and radiation-induced polymerization. 

The prior art mentions poiymerizatton of TFE and comonomer (A). For example, the water absorption of 
a membrane formed from a copolymer of TFE and connonomer (A) having an equivalent weight 1000 in the 
10 -SOaH form which has been boiled in water for 30 minutes is about 46%. The physical integrity of this 
membrane Is poor, especially In the harsh environment of a chloralkali electrolytic cell. 

The prior art mentions emulsion polymerization to make a fluoropolymer of TFE and comonomer (B). 
One reference discloses a copolymer of TFE and comonomer (B) with a ratio of about 3.B to 1. This 
polymer has a water absorption of 95%, which is very high compared with that of commercial TFE 
15 copolymers, causing the membrane to be tough and elastic. The physical Integrity of this membrane is 
poor. A film at equivalent weight 564, produced from 2.86 to 1 TFE/(B), has a water absorption after boiling 
in water for 30 minutes of 648%, which results in very low modulus and very poor physical integrity. 

The copolymerization of TFE and comonomer (B) by solution (nonaqueous) polymerization has been 
mentioned but never exemplified in the prior art. At low ratios of TFE to comonomer (B), copolymers made 
20 by other polymerization methods have shown very high water absorption. 

It is desired to have a film of low melt flow and high molecular weight to provide good physical 
properties such as durability, tear strength and high modulus. This Is partlculariy desirable for unreinforced 
films used in fuel cells. Until the present Invention, low melt flow and high molecular weight was attainable 
only at high equivalent weight (which is achieved by using high TFE/(A) or TFE/(B) ratios). These high TFE 
25 ratios cause undesirably high ionic resistance. This is a particular disadvantage for fuel cell membranes. It 
Is also desirable to have tow resistance, low stickiness, and good tear strength when a fluoropolymer of 
TFE/(A) or TFE/(B) is used as one or more layers of a membrane in a chloralkali cell. 

The present invention provides an advantageous process for producing a fluorinated polymer having 
sulfonic-acid type ion exchange groups, especially a fluorinated polymer having high molecular weight, high 
30 ion exchange capacity, good durability, high sUength, low melt flow and low stickiness. 

As the result, it has been found that a desired fluorinated polymer can be obtained by copolymerizing a 
fluorinated olefin and a fluorinated monomer having sulfonic-ackl type functional group with or without an 
Inert organic solvent. 

35 SUMMARY OF THE INVENTION 

The present invention is a process for the nonaqueous bulk or solution copolymerization of TFE and 
comonomer CFz =CFO(CF2CF{CF3}0)nCF2CF2S02F. where li = 0 or 1. The reaction is performed in a 
nontelogenic solvent, using 0-70 weight percent solvent, with a soluble initiator, at a temperature suitable for 

40 the decomposition of the initiator selected, preferably about 35 • C to 60' C. The solutfon Is agitated at a 
TFE pressure in the range 280-1100 kPa, using enough comonomer to make a copolymer having a TFE to 
comonomer ratio of between 3.6 to 1 to 5,6 to 1 , resulting in a polymer with equivalent weight of about 800- 
1000. When no solvent is used, the ratio of comonomer to TFE is 2.1 to 1 to 4.6 to 1. resulting in an 
equivalent weight of about 650-900 in cases where n = 1 and about 484-734 in cases where n = 0. The bulk 

45 polymerization; i.e., polymerization without any solvent, may advantageously be performed without extrac- 
tion of the copolymer. The resulting polymers advantageously have a melt flow at 270* C of less than 30 
g/10 minutes. 

This process has the advantage of making attractive copolymers for use as a film or membrane in an 
electrolytic cell or a fuel cell. This resulting membrane has good strength and durability and tow electrical 
50 resistance. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is a process for the nonaqueous bulk or solution copolymerization of TFE and 
55 comonomer CFz =CFO(CF2CF{CF3}0)„CF2CF2S02F, where n = 0 or 1. The reaction is performed in a 
nontelogenic solvent, using 0-70 weight percent solvent, with a solubto initiator, at a temperature suitable for 
the decomposition of the initiator selected, preferably about 35 • C to 60 ■ C. 
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The copolymer derived from the solution polymerization has high molecular weight and iow melt flow, 
while maintaining high ion exchange capacity. The equivalent weight of the copolymer Is directly dependent 
on the mole ratio of TFE to comonomer. The following table describes the general relationship of moie ratio 
of TFE to comoriomer to the equh^alent weight of the polymer formed from the two sulfonic copolymers of 
interest: 



10 



15 



Mole Ratio 
TFE:Comonomer 


Equivalent Weight 


TFE:A 


TFE:B 


2.1 


650 


490 


3.6 


800 


640 


4.6 


900 


740 


5.6 


1000 


840 



20 



25 



30 



35 



40 



50 



55 



The actual equivalent weight of the polymer may vary somewhat, depending on reaction conditions. 

Because the two monomers in the poIymerl2ation step are TFE and a fluorinated sulfonic comonomer. 
in a conventional polymerization reaction the ratio of TFE to comonomer in the polymerization step 
determines the latio of TFE to comonomer in the polymer produced. Furthermore, higher equivalent weight 
(generally resulting in lower melt flow) occurs when the concentrations of the monomers are increased in 
the polymerization process. 

If a soWent is used in the polymerization, it must be substantially nontelogenic. This means that the 
solvent contains few enough atoms capable of reacting with the growing polymer, such that the solvent 
does not reduce the equivalent weight of the final product below the desired range. If a somewhat telegenic 
solvent Is used, the disadvantage can be reduced by using higher monomer concentrations and tower 
solvent concentrations in the polymerization reaction. 

Telegenic activity is Just one factor that must be considered in selecting a suitable solvent. Of course, 
availability, cost, and boiling point (preferably 35-1 00 *C) must be considered. Although some examples use 
a chlorofluorocarbon solvent, it is now strongly preferred that the solvent not be damaging to the ozone 
layer of the atmosphere, as chlorofluorocarbons are believed to be. In addition, chlorine atoms and 
hydrogen atoms on an otherwise perfluorinated solvent are not strong tetogens. especially if they are not 
numerous and are terminal chlorine or hydrogen atoms. Similarly, some examples use a perfluorocarbon 
solvent, but it is now preferred that the solvent not augment the "greenhouse effect,* as perfluorocarbons 
are believed to do. Preferably, the solvent has low toxicity: many perfluoroolefins may be unsatisfactory in 
this respect. Suitable solvents may include perfluoroalkanes or perfluorocydoalkanes such as perfluorohep- 
tane or perfluorodlmethylcydobutane. or mixtures thereof. 

The initiator selected must be substantially nontelogenic, preferably being highly fluorinated or per* 
fluorinated. The Initiator must be soluble in the reaction mixture In the polymerization vessel. A common 
initiator suitable for solution copolymerlzation of TFE is perfluoropropionyl peroxide. (CFaCFjCOO-jg. The 
polymerization Initiator may also be a peroxy compound, an azo compound, ultraviolet rays, and ionizing 
radiation with or without the use of an organic solvent, or combinations thereof. 

As in all free radical polymerizations, the temperature of the reaction must be chosen with regard to the 
half -life of the initiator selected. The reaction temperature for the present process Is about 35*C to 60*C, 
preferably about 45 *C. Pressure o1 the reaction is not critical and is generally employed to control the ratio 
of TFE to the comonomer. 

The concentration of comonomer in the polymerization vessel is related to the TFE concentration 
(pressure). The TFE to comonomer ratio in the reaction mixture must be selected to obtain the desired TFE 
to comonomer ratio In the polymer produced. Furthermore, the concentration of comonomer In the reactor 
and the concentration (pressure) of TFE will ultimately detemnine the equivalent weight of the polymer 
produced. High concentrations of the two monomers will generally cause an increase in the equivalent 
weight of the polymer produced (i.e., a desirable decrease in the melt flow). However, high concentrations 
of the two monomers will also Increase the reaction rate and the rate of heat evolution. 

For polymerization using comonomer (A), the concentration of comonomer (A) is preferably 30-100% of 
the total weight of (A) plus solvent fed to the reactor. For the polymerization using comonomer (B), the 
concentration of comonomer (B) is preferably 40-100% of the total weight of (B) plus solvent fed to the 
reactor. For the purpose of expressing the concentration of comonomer in the total weight of comonomer 
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plus solvent fed to the reactor, the amount of solvent fed to the reactor along with the initiator Is Ignored, 
and considered zero. A lower than 30% concentration of (A) gives product of undesirably low equivalent 
weight. A high percentage of con^onomer. especially 100% (or bulk polymerization), causes a high rate of 
reaction and results In a heat removal problem, in this case a reactor must be used with a low temperature 

5 cooiant, a large heat exchange area, or the like. Failure to control the heat evoiutton of the polymerization 
reaction may result in low yields of the copolymer. 

The concentration of TFE is selected to achieve the desired TFE to comonomer ratio In the polymer 
and the resulting equivalent weight of the copolymer. If TFE concentration (pressure) is too tow, the TFE to 
comonomer ratio will be too low, and the polymerization rate may be undesirably slow. If the concentration 

10 of TFE is too high, the ratio TFE to comonomer will be too high and the high polymerization rate can cause 
difficulty in heat removal, as described above. Suitable TFE pressures are preferably 280-1100 kPa, most 
preferably 400-800 kPa. 

The polymerization vessel is preferably agitated, and must be made of an inert material of construction. 
Oxygen is preferably removed from the vessel befbre polymerizing. Advantageously, it is also possible to 

79 use the vessel for the homopolymerizatlon of TFE before using it for the copolymerizatlon. 

Polymerization may be batch, continuous, or continuous batch until the vessel is full. Fully continuous 
polymerization Is preferred for maximum product uniformity and productivity. Batch polymerization pro- 
cesses are. however, in many cases, less costly and more convenient, especially for smaller scale 
production of sulfonic fluoropolymers. However, care should be taken to avoid excessive monomer 

20 conversion which can result in drift In sulfonic fluoropolymer composition (nonuniform molecular and 
equivalent weights). Batch polymerization reactions are usually performed by loading all of the fluorosulfonyl 
comonomer reactant into a reactor and then maintaining a supply of TFE under constant pressure. 

Conversion of the fluorosulfonyl monomer into the sulfonic fluoropolymer beyond a conversion level of 
from 50 to 60 percent and particularly from 80 to 90 percent, can lead to higher equivalent weight sulfonic 

25 fluoropolymers being formed In the latter part of the reaction. If the comonomer pressure is reduced during 
the reaction, sulfonic fluoropolymer fractions with undesirably low equivalent weight can result Excessively 
long start-up times for reaching constant temperature and pressure can also result in inconsistent equivalent 
weight sulfonic fluoropolymers. In general, constant conditions should be maintained throughout the 
polymerization reaction. In addition, the weight percent poiynrter in sluny should preferably be <15% to 

30 maintain agitation. 

The polymerization product may be isolated by flashing off excess TFE. It is then possible to recycle 
excess TFE, solvent and comonomer or, alternately, distilling off unconverted solvent and comonomer. In 
one alternative, tiie unconverted comonomer is washed out of the polymer with solvent, then the solvent 
and comonomer are separated for recycle. 

35 After polymerization and fabrication of the film or membrane to the desired shape, conversion of the 
fluorosulfonyl to an lonk: form requires hydrolysis. The hydrolysis may be done In a variety of ways, but 
usually involves the use of caustic soda or potash In water, or a mlxhjre of water and an organic solvent 
such as alcohols. The pendant group of tiie sulfonated fluorocarbon is then in the -SOa'Na^ fonm. Cations 
other ttian -Na* can be made to replace the Na* if practical (such as -H+ or -K*). 

40 In order to determine the strength of the copolymer, the melt flow Is measured. The melt flow referred 
to in this specification and in the claims is determined by measuring the weight of polymer extruded in 10 
minutes In a melt Indexer built by Custom Scientific Instruments of Whippany, New Jersey, U.S.A The 
parameters of the melt indexer are as follows: piston diameter is 0.373 Inches; piston load is 1200 grams; 
orifice length is 0.315 inches and orifice diameter is 0.0825 inches. The melt index may also be determined 

45 by other comparable instruments known in the art. The test is conducted without extraction of the polymer. 
If the product has too high a melt flow, most or all of the product can be extracted with a solvent such 
as the polymerization solvent to remove oligomers (low molecular weight polymers), which decreases the 
melt flow. Extraction is generally unnecessary at higher TFE to comonomer ratios. 

It is believed that tiie sulfonic fluoropolymers of the present invention have surprisingly good physical 

50 properties because the molecular weights are more uniform (molecule to molecule), than the molecular 
weight of the sulfonic fluoropolymers of the prior art For the same reason, the sulfonic fluoropolymers of 
the present Invention produce a membrane for electrolysis with surprisingly high current efficiency. 

It Is also believed that molecular weight, as well as molecular weight distribution, of sulfonic 
fluoropolymers play a role In the degree to which tiie sulfonic fluoropolymer will swell, when exposed to 

55 water or other polar media Low equivalent weight sulfonic fluoropolymer fractions are believed to ptasticize 
the sulfonic fluoropolymer and result In Increased swelling. Lower equivalent weight sulfonic fluoropolymer 
fractions are also ttiought to distort the swelling of the sulfonic fluoropolymer. measured for a given 
equivalent weight sulfonic fluoropolymer, because of nonlinear swelling that occurs at sufficientiy low 
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- equivalent weight ... 

The product can be exlaided Into a strong, durable film or membrane, free of the stickiness and high 
water absorption of prior art copolymers while maintaining good electrical conductivity. The fluoropolymer 
membranes of the present invention can be laminated with other fluoropoiymers to fonnn laminated 

s composite films. For example, they can be laminated with fluoropolymer films containing carboxylic ion 
exchange active groups. Such other films and lamination techniques are well known in the art 



EXAMPLES 



70 At room temperature, into a 1 liter stainless steel autoclave are charged 600 gm comonomer A and 1 
ml of a 6% solution of perfluoro proplonyl peroxide. In some cases, solvent (F-113 or HFP dimer) Is added. 
The autoclave Is purged first with nitrogen, then with TFE and finally pressured with TFE. The autoclave 
was then heated to 45' C and the TFE pressure was adjusted. After 3 hours the autoclave was cooled, 
vented and discharged. 

75 The polymer was recovered from the reaction mixture by boiling off the solvent and unreated monomer, 
at the end under vacuum. After vacuum drying at 100'C, the polymer Is weighed and the melt flow is 
measured. 

Table A reports the equivalent weight and melt flow of polymers made from various concentrattons of 
TFE and comonomer A. Some of the reactions were performed without solvent and others used solvent, as 
20 indicated. 

The solvent identified as F-113 is 1.1,2 trifluorotrlchloroethane. The solvent identified as HFP dImer is 
perfluorodimethyicyclobutane. 



Table A 

2S 
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40 



45 
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Example 


TFE (kPa) 


% COMONOMER in 
COMONOMER 4 solvent 


Solvent 


EW 


MF (270 • 0) 


1 


585 


100 




670 




2 


620 


100 




695 




3 


690 


100 




740 


19 


4 


655 


100 




770 




5 


895 


100 




880 


6 


6 


825 


88 


F113 


870 


7 


7 


820 


76 


F113 


870 


7 


8 


690 


70 


F113 


690 


7.6 


9 


345 


30 


F113 


850 


30 


10 


380 


30 


F113 


900 


18 


11 


390 


30 


F113 


990 


1.5 


12 


58 


30 


F113 


1030 


0.9 


13 


60 


30 


F113 


1010 


0.9 


14 


60 


30 


HFP dimer 


850 


36 


15 


65 


30 


HFP dimer 


920 


6 


16 


70 


30 


HFP dimer 


928 


4.5 


17 


80 


30 


HFP dimer 


1088 


0.1 


"(unmeasurably high) 
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Claims 



1. A process for the production of fiuorlnated copolymers comprising the nonaqueous copoiymerization of 
tetrafluoroethylene ("TFE") and a comonomer having the formula CF2 =CFO(CFaCF{CF^}0)- 
s nCF2CF2SOaF. where n = 0 or 1, In a nontelogenic soh^nt, In the presence of 0-70 weight percent 
soh^ and a soluble Initiator, at a temperature suitable for the decomposition of said initiator, and 
agitating the TFE and the comonomer at a TFE pressure In the range of about 280-1100 kPa, having a 
TFE to comonomer ratio of between 2.1 :1 and 5.6:1 . 



10 


2. 


The process of Claim 1 




a 


The process of Claim 1 




4. 


The process of claim 1 


IS 








5. 


The process of claim 4 




6. 


The process of claim 1 


20 


7. 


The process of claim 1 




a 


The process of claim 






cydobutane. 


25 


9. 


A copolymer of TFE 



30 



35 



40 



having a TFE to comonomer ratio between 3.6:1 and 5.6:1 and a melt flow of less than 30 g/10 minutes 
at270*C. 

10. The copolymer of Claim 9 in which the melt flow is less than 20 g/lO minutes at 270* C. 

11. A copolymer of TFE and a comonomer having the formula CF2 =CFOCF2CF2SQ2F having a TFE to 
comonomer ratio between 3.0:1 and 4.6:1 and a melt flow of less than 30g/10 minutes at 270 ' C. 

12. The copolymer of claim 11 in which the melt flow is less than 20g/10 minutes at 270 "C. 
ia The copolymer made from the process of claim 1 . 
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